We have studied photovoltaic characteristics of single-junction GaAs solar cells with/without an MgF 2 /ZnS anti-reflective coating (ARC) illuminated by low-density concentration (＜10 suns). By the ARC deposition, the short-circuit current density (J SC ) and the fill factor (FF) are increased by 5 mA/cm 2 and 5% at a standard illumination (1 sun), respectively, and the resulted conversion efficiency is enhanced by 45%. In contrast with the cell with no ARC showing a rapid degradation with increasing concentration power, the efficiency of ARC-deposited cell remains almost constant as (17.7±0.3)% regardless of the concentration.
I. Introduction
It is widely known that solar cells converting the solar energy to an electric power are not only proenvironmental but highly efficient energy-reproductive devices [1] . Although the solar cell technology have made significant progress in a past few decades, there is still a lack of the conversion efficiency that would greatly benefit by the power applications [2, 3] .
Up to date, a number of researches has been accomplished competitively with each other for higher cell efficiency by using various material systems, such as Si, GaAs, CIGS (CuInGaSe), DSSC (dye-sensitive solar cell) [4] [5] [6] [7] . Though the world record of 40.7% (240 suns) [7] was recently achieved by a GaAs-based concentrator solar cell, the challenge toward a theoretical limit of 63.1% [8] The GaAs system has some advantages that make possible tandem devices stacked by their heterostructures [7] , and concentrator solar cells available up to ∼1,000 suns in contrast to Si-based cells with inherent limit in concentration [9] [10] [11] . Recently, an exotic mechanism of the multiple exciton generation (MEG) by a single photon has been proposed as a trial to overcome the Shockley-Queisser limit [12] [13] [14] [15] .
Many studies are focused on the intermediate band (IB) of an advanced base of MEG, and expanded to quantum-dot based solar cells (QSCs) whose sublevels would play a decisive role in MEG [14] [15] [16] .
Although the highest efficiency achieved by QSCs currently remains at ∼20%, it is expected to reach to 25-30% if an inherent problem of carrier trap into QDs would be solved by realization of IB and MEG [17] [18] [19] [20] [21] [22] [23] [24] .
In this study, we investigate the effect of antireflective coating (ARC) [25] [26] [27] [28] 
II. Experimental Procedures
A single p-n junction GaAs solar cell structure was prepared by a molecular beam epitaxy (MBE) growth system, as sketched in Fig. 1(a) . A 1.5-μm-thick n-GaAs:Si (2×10 17 cm 
Characteristics of GaAs solar cells
A typical photoresponse spectrum taken from a GaAs p-n junction solar cell is shown in Fig. 3 (a) in comparison with a simulated one for the same structure. They clearly show that the cutoff wavelength is about 870 nm corresponding to the bandgap energy of GaAs (1.42 eV). Differently from the simulated data gradually changing near 400 nm, the experimental curve shows a saturating behavior, which is due to a detection limit of the measurement system used in this study. Fig. 3(b) is the current den- is largely enhanced by 5 mA/cm 2 (∼30%) by ARC deposition, which is higher than a simulated value (no ARC). It shows that the effect of ARC is crucial in GaAs cells with highly reflective surface. Table 1 is a summary on the device parameters analyzed from GaAs p-n junction solar cells with/without ARC and the simulated ones.
The concentration characteristics were investigated for the identical cells under low-density illumination (＜10 suns). Fig. 4 shows (a) four representative nominal (unnormalized) J-V curves for the ARC-de- 
IV. Summary and Conclusions
We have characterized the spectroscopic refractive 
